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Summary. — Neuromotor  reaction  times  (simple,  choice,  and  decision) 
were  measured  when  Thyrotropin-releasing  hormone  (TRH)  was  administered 
intravenously  to  nine  healthy  men  in  a  double-blind  study.  Measurements  were 
made  of  simple  reaction  time,  choice  reaction  time,  and  decision  time  for  each 
subject  ar  various  intervals  over  a  54-hr.  period.  Given  the  observed 
inherent  interaction  of  the  drug  with  the  long  time  used  (54  hr.),  most  analyses 
were  conducted  across  separate  time  epochs.  Injected  subjects  showed  inhibition 
in  the  normal  improvement  of  simple  reaction  time  (which  occurs  with  prac¬ 
tice),  and  they  reduced  the  time  required  to  make  a  decision.  Choice  reaction 
time,  however,  remained  unchanged  across  the  drug-nondrug  experimental 
conditions,  i ,  ,  -  -«* - 
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Studies  of  simple  reaction  time  (simple  RT)  and  choice  reaction  rime 
(choice  RT)  date  back  over  100  years  (Donders,  1868)  and  stem  from  the  early 
interest  of  man  in  measuring  his  ability  to  respond  to  a  stimulus.  The  study 
of  reaction  times  with  Thyrotropin-releasing  hormone  (TRH)  is  of  interest 
because  it  is  known  that  TRH  improves  neuromotor  function  (Clark  &  Wither¬ 
spoon,  1983). 

Injections  of  TRH  are  frequently  used  to  evaluate  suspected  thyroid  pa¬ 
tients.  This  polypeptide  is  primarily  found  in  the  hypothalmus  and,  when  re¬ 
leased,  causes  the  subsequent  release  of  Thry tropin  (TSH) — Thyroid-stimulat¬ 
ing  Hormone  from  the  pituitary  gland.  TSH  causes  the  secretion  of  thyronine 
(Ti)  and  tri-iodothyronine  (T3)  from  the  thyroid  gland.  The  system  works 
in  the  manner  of  a  classical  feedback  loop  with  Ta,  in  particular,  inhibiting  the 
response  to  TRH  at  the  pituitary.  This  chain  of  events  has  been  reviewed  in 
detail  (  Burger  &  Patel,  1977).  Snyder  and  Utiger  ( 1972 )  discussed  the  effects 
of  TRH  injections  on  normal  subjects,  especially  with  regard  to  TSH  levels  in 
the  blood.  They  found  that  the  TSH  response  was  clearly  dependent  upon  the 
dosage  of  TRH,  with  a  maximal  response  directly  related  to  the  TRH  dose  and 
inversely  related  to  base  levels  of  thyroid  hormone. 

Thyrotropin-releasing  hormone  has  been  implicated  in  a  myriad  of  physio¬ 
logic  effects  in  addition  to  the  production  of  Thyrotropin-stimulating  hormone 
from  the  pituitary  gland  (Burger  &  Patel,  1977;  Snyder  &  Utiger.  1972). 
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TRH  causes  various  EEG  and  autonomic  changes  (Beale,  et  al.,  1977;  Farber, 
et  al.,  1981;  Wolthuis  &  De  Wied,  1976),  increases  activity  level  (Horita  & 
Carino,  1978;  Vogel,  et  al.,  1979),  and  elevates  mood  (Wilson,  et  al.,  1973;. 
The  literature  describes  conflicting  evidence  as  to  whether  TRH  acts  as  a  stimu¬ 
lant  of  the  central  nervous  system  or  possibly  as  a  depressant.  Mood  elevation 
does  not  discriminate  between  stimulants  and  depressants  of  the  central  nervous 
system.  Until  now  it  appears  that  the  effect  of  TRH  on  a  simple  human  per¬ 
formance  task  has  not  been  investigated  within  the  framework  of  a  device  to 
measure  both  simple  reaction  time  and  decision  time.  At  the  Armstrong  Aero¬ 
space  Medical  Research  Laboratory  a  simple  performance  task  has  been  devel¬ 
oped  using  microprocessor  based  technology  that  measures  both  simple  and 
choice  reaction  times  independently  (Repperger,  et  al.,  1985)  and  gives  con¬ 
sistent,  reproducible  measurements.  This  device  has  demonstrated  (Jacobson, 
et  al.,  1986)  that  reaction  times  increase  with  age.  Reaction  times  provide  the 
basis  for  analysis  of  any  compensatory  tracking  task  which  can  be  broken  up 
into  a  series  of  simple  stimulus-response  actions  (Poulton,  1974).  The  use  of 
these  type  of  performance  tests  provides  a  basis  for  studying  performance  dec¬ 
rements  under  stress  (Repperger,  et  al.,  1982;  Repperger,  et  al.,  1984).  In 
this  paper  the  effect  of  TRH  on  different  human  responses  is  reported  using 
this  sensitive  apparatus  to  measure  basic  reaction  times. 

Mbthod 

Apparatus 

Fig.  1  illustrates  the  exterior  design  of  the  stimulus-response  mechanism. 
The  device  has  dimensions  of  approximately  13.3  cm  width  by  17.2  cm  length 
by  6.4  cm  deep.  Its  faceplate  contains  two  red  lights  Li  and  L2  which  are  the 
stimuli,  and  a  toggle  switch  Si  which  is  the  response  indicator.  In  response  to 
the  lighting  of  a  bulb  the  subject  moves  the  toggle  switch  toward  the  light. 
The  device  contains  a  reset  mechanism  toggle  switch  So  and  a  green  indicator 
light  L«  for  the  reset  mechanism  light.  A  third  toggle  switch  S^  is  used  to  set 
the  mode  of  operation  which  typically  is  controlled  by  the  subject. 
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Fig.  1.  The  stimulus  response  mechanism 
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To  measure  simple  reaction  time  the  device  is  operated  in  Mode  1.  Ini¬ 
tially,  the  green  light  L«  is  on  indicating  an  inactive  state.  When  the  subject 
resets  the  toggle  switch  So,  all  lights  go  out.  When  Li  lights  and  the  subject 
responds,  the  trial  is  completed.  The  subject  is  instructed  that  in  Mode  1  the 
left  light  Li  will  always  light  up,  and  he  also  knows  that  he  cannot  predict 
exactly  when  the  light  Lt  goes  on. 

To  measure  choice  reaction  time  the  stimulus-response  device  is  operated 
in  Mode  2.  In  this  mode  after  Sn  is  switched,  the  indicator  light  L«  goes  out. 
After  a  random  period  of  time  1  —  /  —  6.12  sec.  either  Li  or  L.  will  light  up 
in  a  random  sequence.  To  complete  the  run  the  subject  must  now  do  two 
things.  First,  a  decision  is  made  as  to  which  light  is  on;  second,  the  subject 
reacts  and  moves  the  switch  in  the  direction  of  the  light  so  the  light  goes  out. 

Subjects 

Nine  healthy  men,  members  of  the  United  States  Air  Force,  volunteered 
for  the  study.  Subjects  with  significant  past  or  present  medical  history  were 
excluded  from  the  experiment.  All  subjects  were  right-handed,  and  their  ages 
ranged  from  23  to  34  yr.  They  fasted  at  least  10  hr.  prior  to  the  first  day  of 
the  experiment  and  did  not  ingest  any  caffeine  products  during  the  period  of 
the  experiment.  They  trained  with  the  stimulus-response  device  for  approxi¬ 
mately  one  hour  on  a  day  prior  to  the  start  of  the  experiment.  Subjects  were 
considered  to  be  fully  trained  after  they  had  completed  at  least  one  hundred 
trials  and  their  scores  for  three  successive  replications  showed  less  than  a  5  % 
decrease  in  the  score  value.  Since  each  subject  was  run  under  the  nondrug 
condition  (saline)  as  well  as  the  drug  condition  (TRH),  the  learning  effects 
had  to  be  well  stabilized  before  the  subject  performed  a  data  run.  Each  subject 
was  instructed  to  respond  quickly,  but  carefully,  so  the  errors  for  the  choice 
reaction  time  task  were  very  small  and  did  not  enter  into  the  analysis  of  these 
data. 

Experimental  Procedure 

A  heparin  lock  was  inserted  into  the  same  arm  of  a  subject  for  both  the 
TRF  and  saline  injections.  The  lock  was  placed  in  the  left  arm  for  four  sub¬ 
jects  and  in  the  right  arm  for  five  subjects.  This  lock  remained  in  the  arm 
for  the  first  2  hr.  of  the  experiment  and  then  it  was  removed.  Five  hundred 
micrograms  of  either  Thyrotropin-releasing  hormone  (TRH)  (Thypinone" 
Abbott  Diagnostic  Division)  or  saline  were  administered  via  the  heparin  lock 
in  a  double  blind  fashion.  This  TRH  dose  is  routinely  used  for  diagnostic 
studies  in  clinical  medicine.  The  mode  of  operation,  simple  or  choice,  and  the 
hand  used  were  selected  randomly  for  each  time  interval.  Fifteen  simple  and 
choice  reaction  time  measurements  were  made  with  each  hand  prior  to  the  in¬ 
jection,  and  at  5,  25,  45,  65,  90  min.,  2  hr.,  6  hr.,  30  hr.,  and  54  hr.  following  the 
injection.  Blood  samples  were  taken  prior  to  the  injection,  and  at  20,  40,  60 
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min.,  6  hr.,  30  hr.,  and  54  hr.  following  the  injection.  Each  subject  was  tested 
for  one  week,  randomly  assigned,  in  the  control  condition  (saline)  and  for 
one  week  on  the  drug  condition  (TRH).  About  one  week  separated  the  two 
runs.  The  results  changed  with  time  in  the  blood  analysis  from  the  point  of 
injection  of  TRH  and  this  is  the  subject  of  another  paper  and  is  still  under 
review. 

Analysis 

This  study  is  concerned  with  the  effects  of  TRH  on  human  performance 
over  time.  One  problem,  however,  with  this  type  of  study  is  the  pronounced 
effects  of  the  drug  at  a  specific  time  epoch  and  also  the  diminished  difference 
between  the  drug  and  the  nondrug  condition  after  long  periods  of  time.  One 
obvious  interaction  between  the  drug  and  time  occurred  at  the  time  epoch  t  — 
5  min.  Most  of  the  subjects  experienced  a  nauseous  feeling  at  the  5-min.  inter¬ 
val  after  being  injected  with  TRH.  To  assume  this  study  is  still  double  blind 
is  somewhat  contradictory  since  both  the  subjects  and  the  experimenter  then 
had  an  indication  which  injection  was  used.  This  effect  manifested  itself  in 
plots  of  simple  RT  and  decision  time  (cf.  Figs.  2  and  3).  After  the  8-hr.  time 
interval,  the  effect  of  the  drug  should  not  be  that  pronounced.  To  compare  a 
measurement  at  54  hr.  and  30  hr.  to  those  at  25  min.,  45  min.,  or  65  min.  did 
not  seem  appropriate  so  an  analysis  of  variance  combining  all  time  periods  to¬ 
gether  was  not  used. 

To  adjust  for  differences  in  baselines,  percent  change  from  baseline  was 
used  in  the  analysis,  instead  of  actual  change.  The  baseline  scores  refer  to  the 
three  variables  of  interest  (simple  RT,  choice  RT,  and  decision  time)  obtained 
on  the  day  of  the  test  20  min.  prior  to  the  injection. 

TABLE  1 

Baseline  Values  in  Milliseconds  (  Mean  and  SD) 

Drug 

Saline 
TRH 


One  method  of  analysis  would  be  to  use  the  percent  change  from  baseline 
for  simple  RT,  choice  RT,  and  decision  time  as  the  dependent  variables  in  the 
analysis  of  variance.  The  factors  would  be  subjects,  drug  (TRH  or  saline),  and 
time.  By  considering  subjects  a  random  factor  (i.e.,  representing  a  popula¬ 
tion),  the  tests  on  the  factor  drug  reduce  to  paired  t  tests*  with  data  averaged 
across  time  periods.  There  were  instances,  especially  for  decision  time, 
when  normality  could  not  be  assumed.  Therefore,  the  Wilcoxon  signed-rank 
test  was  used  to  determine  the  significance  of  differences  between  the  drug- 


Sample  RT  Choice  RT  Decision  Time 

208 ±:9  27l±29  63  ±M 

197±12  259±18  62±20 
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nondrug  conditions,  since  this  test  is  the  nonparametric  counterpart  to  the  paired 
t  test. 

Table  1  displays  the  means  and  standard  deviations  of  the  nine  subjects’ 
baseline  scores,  all  times  are  in  milliseconds.  Since  a  large  number  of  tests 
were  performed,  there  is  a  possibility  of  chance  significance  so  the  significance 
of  any  particular  test  should  be  interpreted  cautiously. 

Results 

To  determine  an  over-all  difference  between  TRH  and  saline  for  simple 
and  choice  RT  and  decision  time,  the  percent  changes  from  baseline  were  aver¬ 
aged  across  times  for  each  subject  and  drug.  The  time  period  5  min.  was  not 
included  because  the  injection  was  close  to  this  performance  test.  The  results 
of  the  W'iicoxon  signed-rank  test  are  shown  in  Table  2. 

TABLE  2 

Mean  Percent  Change  from  Baseline  (25  min.  through  54  hr.) 


Variable 

Saline 

TRH 

P 

Simple  RT 

-3.7±  3.6 

-0.9±  2.7 

.07 

Choice  RT 

-4.6±  5.2 

-4.2±  4.3 

.91 

Decision  Time 

-1.2±23.9 

-I4.0±l4.5 

.36 

One  concern  with  the  analysis  in  Table  2  lies  in  taking  means  from  25 
min.  through  54  hr.,  for  data  may  be  used  which  involves  performance  scores 
before  the  effects  of  TRH  begin  or  after  the  possible  effects  of  TRH  have  worn 
off  ( if  the  effects  exist).  To  account  for  this  possibility  the  maximum  percent 
decrease  from  baseline  in  the  reaction  times  for  any  time  from  25  min.  to  54  hr. 
was  determined  for  each  subject  and  drug. 


TABLE  3 

Mean  of  the  Max  Percent  Decrease  from  Baseline  (25  min.  to  54  hr.) 


Variable 

Simple  RT 
Choice  RT 
Decision  Time 


Saline 

-9.4±  5.1 
-9.9±  6.3 
-19.4±21.6 


TRH 


-5.9±  2.9 
-10.0±  4.6 
-35.3±18.8 


P 


.3' 


As  shown  in  Table  3,  the  Wilcoxon  signed-ranks  test  was  performed  for 
each  time  individually  (5  min.  to  54  hr.)  with  the  results  shown  in  Table  4. 
An  analysis  of  variance  of  data  from  all  times  was  not  used  because  there  were 
problems  with  normality  and  no  desire  to  have  decisions  at  one  time  influenced 
by  variability  at  other  times. 

From  examining  the  variability  among  the  subjects  it  is  clear  that  having 
more  subjects  is  desirable.  Although  significant  differences  were  difficult  to 
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TABLE  4 

Percent  Change  from  Baseline  (simplb  RT) 


Time  Epoch 

Simple  RT 

Choice  RT 

Decision  Time 

TRH 

Saline 

TRH 

Saline 

TRH 

Saline 

5  min. 

3.7 

-0.6 

0.3 

0.2 

-7.9 

13.1 

25  min. 

1.6 

-2.7 

-1.5 

-2.4 

-12.8 

0.8 

45  min. 

-0.6 

-1-9 

-1.5 

-2.0 

-2.9 

3.2 

65  min. 

0.6 

-0.3 

-2.2 

-1.7 

-10.9 

0.8 

90  min. 

0.0 

-1.9 

-3.1 

-3.0 

-13.2 

-0.4 

2  hr. 

2.3 

-2.6 

-3.4 

-2.8 

-191' 

2.6f 

6  hr. 

-3.7 

-5.2* 

-6.3* 

-6.8' 

-14.8' 

-1.3' 

30  hr. 

-4.4h 

-8.7b 

-8.211 

-9.8* 

-18.9b 

-5.9“ 

54  hr. 

-3.2 

-7.3 

-7.4* 

-9.4* 

-18.4' 

-10.9’ 

a-i:  p  ^  .04. 

find  between  TRH  and  saline,  Figs.  2,  3,  and  4  suggest  that  TRH  may  slow 
down  simple  RT  (and  thus  inhibit  learning)  but  may  speed  up  decision  time 
with  the  result  of  no  over  all  change  in  choice  RT  due  to  the  drug.  More  pre¬ 
cise  statements  to  this  effect  are  made  below.  Tables  5  and  6  illustrate  other 
tests  that  were  performed. 

Table  4  indicates  that  TRH  may  inhibit  learning  as  suggested  by  the  mean 
values  of  simple  RT  for  saline  decreasing  with  time  (also  see  Fig.  2)  versus 
TRH  in  which  mean  values  of  simple  RT  do  not  show  such  large  decreases  with 

INJECTION  WAS  AT  TIME  =  0  MIN 


FIG.  2.  Plot  of  the  percent  change  from  bajeline  in  simple  reaction  time  vs  time 
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TABLE  5 

Hand  with  Heparin  Lock  (Mean  ±  SD  with  Times  —20  min.  to  54  hr.) 


Variable  Right  Left  P 


Simple  RT 

200±10 

198=5=  1 2 

.65 

Choice  RT 

255±17 

255=5=18 

.30 

Decision  Time 

55±19 

57=5=21 

.30 

time.  Table  2  shows  (P  =  .07)  that  the  mean  change  in  simple  RT  for  TRH 
tends  to  be  a  smaller  decrease  than  in  saline,  which  is  suggestive  of  an  inhibi¬ 
tion  of  learning. 

In  Table  3  the  change  in  mean  decision  time  for  TRH  was  — 35.3  msec, 
versus  — 19.4  msec,  for  saline.  Obviously  practice  is  still  improving  decision 
time  in  either  case.  In  Table  3,  however,  all  data  are  averaged  over  subjects 
for  the  time  periods  25  min.  to  54  hr.  In  Table  4  this  effect  is  more  carefully 

TABLE  6 

Heparin  T  ook  (Mean  ±  SD  with  Times  —20  min.  to  65  min.) 


Variable 

Arm  with  Lock 

Arm  without  Lock 

P 

Simple  RT 

204±11 

201  ±  9 

.25 

Choice  RT 

264=5=15 

259±21 

.30 

Decision  Time 

60  ±20 

58±24 

.36 

delineated  by  time  periods.  TRH  has  its  predominant  effect  after  90  min.  The 
P  values  are  significant  based  on  P  <  .1  for  time  —  90  min.  for  reduction  of 
decision  time  for  TRH  (P  <  .05  for  /  ^  2  hr.),  indicating  that  TRH  admin¬ 
istration  resulted  in  delayed  improvement  compared  to  the  control  (nondrug) 
condition. 

The  last  noticeable  effect  of  TRH  (Table  2)  as  compared  to  saline  is  the 
lack  of  change  in  choice-reaction  time.  The  mean  change  in  choice  RT  for 
saline  is  — 4.6  msec,  versus  — 4.2  msec,  for  TRH.  Fig.  4  clearly  illustrates  the 
learning  trend  in  this  curve  and  the  small  difference  between  the  drug-nondrug 
conditions. 

The  mean  values  indicate  TRH  results  in  longer  simple  RT,  shorter  deci¬ 
sion  time,  and  choice  RT  about  the  same.  It  is  noted  that  since  decision  time 
is  the  difference  between  choice  RT  and  simple  RT,  then  only  two  of  those 
three  variables  are  independent.  The  conclusion  is  that  longpr  simple  RT  and 
shorter  decision  time  are  the  only  independent  effects.  Fig.  2  illustrates  that 
TRH  may  inhibit  learning.  Fig.  3  shows  how  TRH  may  reduce  decision  time, 
and  Fig.  4  illustrates  how  choice  RT  remains  about  the  same  under  the  drug- 
nondrug  situation  (despite  a  learning  trend  in  choice  RT  for  both  the  drug 
and  nondrug  conditions). 
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Discussion 

The  goal  of  this  study  was  to  measure  objectively  the  effect  of  TRH  on 
human  reaction  time  and  decision  times.  TRH  may  decrease  the  central  pro¬ 
cessing  time  (decision  time)  in  healthy  men.  Previous  reports  stated  that  TRH 
increases  alertness,  attention,  and  desire  in  depressed  patients  (Itil,  et  al.,  1975; 
Kastin,  et  al.,  197 4;  Pecknold  &  Ban,  1977 )  and  produces  an  EEG  resembling 
EEGs  of  subjects  administered  a  psychostimulant  compound  such  as  dextro¬ 
amphetamine  (Itil,  et  al.,  1975).  Amphetamines  have  been  reported  to  de¬ 
crease  both  simple  (Weiss  &  Laties,  1962)  and  choice  RT  (Adler,  et  al.,  1950). 
TRH  has  caused  a  sense  of  well-being,  increased  energy,  and  mild  relaxation 
lasting  up  to  8  hr.  in  normal  women  (Wilson,  et  al.,  1973)  and  men  (Lipton, 
et  al.,  1977).  In  addition,  TRH  increases  the  arousal  or  activity  of  various 
animals  and  antagonizes  the  effect  of  various  depressants  (Stanton,  et  al.,  1981; 
Vogel,  et  al.,  1979). 

TRH  affects  cortical  neurons  but  the  results  appear  to  be  contradictory. 
TRH  has  either  an  inhibitor,  excitory,  or  no  effect  on  single-cell  recordings  of 
sensorimotor  cortical  neurons  in  cats  depending  on  the  specific  neuron  tested. 
TRH  may  induce  a  modulating  effect  on  the  action  of  other  neurotransmitters 
(Braitman,  et  al.,  1980;  Renaud,  et  al.,  1979).  Other  results  indicate  that  TRH 
has  only  a  depressive  effect  on  cortical  neurons  (Renaud  &  Martin,  1975). 

The  simple  reaction  time  test  used  here  consists  of  a  manual  response  to 
a  light  which  encompasses  many  areas  of  the  nervous  system  including  visual 
and  motor  reactions.  In  this  study  when  subjects  were  injected  with  TRH  they 
showed  slight  inhibition  in  the  learning  of  simple  RT.  reduced  decision  time, 
especially  after  90  min.,  and  little  difference  in  choice  RT  when  compared  to 
the  saline  injection  (due  to  the  relative  increase  in  simple  RT  and  decrease  in 
decision  time). 
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